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ABSTRACT
Community colleges provide vital educational resources to students across the
nation. Online learning has become an integral part of the course offerings for community
colleges. With regards to online learning, there is a lack of empirical evidence and
research focused on community college offered biology laboratories, particularly
concerning retention rates of these students. Means, Toyama, Murphy, and Bakia. (2013)
found that even though there are copious amounts of studies dedicated to evaluation of
evidence-based practices in online learning formats, many of them neglected to review
retention rates associated with online educational courses.
The purpose of this study was to determine whether there was a determinable
difference in Mississippi community college students between online and on-ground
offered biology laboratory retention rates, the classification of major versus non-major
biology course content, and overall student grades. The results from this research indicate
that there were some determinable differences between retention rates of on-ground and
online biology laboratory students, that there was a difference between majors versus
non-majors biology laboratory students, and that differences in delivery methods did
effect overall grades of these students.
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CHAPTER I – INTRODUCTION
As pragmatic application of the internet exploded over the last three decades,
online learning quickly became an integral part of higher education. Educational
institutions, endeavoring to recruit and retain the maximum number of students possible,
have begun offering more and more online courses to entice students with a more relaxed
and convenient learning environment. Entire online programs and universities have
sprung up to serve this growing educational sector of students unable to attend or
undesiring to attend a traditional on-ground higher education institute. Arguments both
for and against this instructional delivery format have been vehemently voiced by all
parties involved (Li and Irby, 2008). Pro-online educational arguments are filled with
terms like convenience, self-directed, and low overhead. While traditional education
discussion is stymied with the burdens of budgets, dwindling faculty, and constant
oversight from governing bodies, it can be easy to see the appeal of online courses to
both students and institutes of higher education. However, with considerations of these
arguments came obvious obstacles that academic institutions had to address in light of the
newly evolving online format.
One such topic that is still under intense scrutiny is the delivery of scientific
laboratory course content in an online setting. In the past, it has been a crucial part of the
science student’s learning experience to have real life, hands-on skills acquired in a
traditional on-ground laboratory setting. On-ground biology laboratories offer the face-toface instruction many students need to understand and comprehend complex scientific
topics by learning how the science is done and how to use the tools of science (e.g.,
microscopes, thermal cyclers, growth media) to answer one’s own scientific questions or
1

to acquire skills for work in the STEM sector. For example, within the biology science
realm, skill sets ranging from being able to dissect a specimen and identify anatomical
structures to culturing and creating a microscopic slide for observation of
microorganisms are crucial topics covered in traditional laboratory courses. These handson skill sets are usually necessary for the students to continue learning in their future
desired field of biology-based studies, such as nursing, medicine, dentistry, or teaching.
However, with the recent rise of online courses, it has been argued that these hands-on
skills are no longer being mastered at the same level by biology students when compared
to previous generations of on-ground laboratory students previously taught with face-toface instruction. It has also been postulated that these hands-on laboratory activities are
able to preserve biology students’ engagement and eagerness to complete course work.
In light of the discussion centering upon engagement, retention rates in online
courses, especially biology laboratory courses, are becoming an increasing concern.
Garman (2012) explored whether there was indeed a significant difference in student
attrition in biology courses offered in the traditional on-ground format versus the online
as categorized by students who withdrew. At a rate of 22% withdrawal in online versus
16% on-ground, that research study showed that there was undeniably a tendency for
higher attrition rates in online sections of biology courses than in on-ground courses. As
with any educational class, one of the primary goals is to keep as many students as
possible engaged and retained in the course as demonstrated by completion of the
content. Online laboratory classes, with their lack of hands-on procedures and protocols,
may not offer as much incentive as a traditional on-ground biology laboratory course for
students to remain enrolled.
2

An opposing viewpoint has been that the convenience of online courses allows
students opportunities to access learning outside of normal laboratory class times and
thus allows for more convenient access to this content. Riffell and Sibley (2005) found
that class attendance and overall performance also contributed to attrition rates. Their
research examined a relationship between on-ground and online learning in a hybrid class
setting. They found that students in the hybrid section of the biology course felt they had
more self-control over the when, where, and how of learning, which improved their
overall motivation and lowered their attrition rates. These findings lend credence to the
belief that on-ground courses, even when limited to a hybrid format, do offer more
incentive for the student to remain enrolled in the course. Means, Toyama, Murphy, and
Bakia. (2013) found that even though there are numerous studies dedicated to evaluation
of evidence-based practices in online learning formats, many of them neglected to review
retention rates associated with online educational courses. Bawa (2016, pg.1) states that
“despite increasing enrollment percentages from earlier years, online courses continue to
show receding student retention rates”. With the previously mentioned arguments and
evidence, it is obviously critical to examine the retention rates of online versus on-ground
biology laboratory courses in order to, hopefully, better understand the trends associated
with these educational courses.
According to the Digest of Education Statistics from The National Center for
Education Statistics, in 2017, there were 20,138,477 students enrolled in Title IV schools
throughout the United States. Title IV schools are defined as any school that receives
federal student financial aid program money. In the United States, these Title IV
institutions are often broken down into two categories, those that offer associates degrees
3

(two-year degrees) and those that offer bachelors degrees (four-year degrees). Associate
degree offering institutions are often termed as community or junior colleges. Currently
“according to the American Association of Community Colleges (AACC), the 1,132+
community colleges in the U.S. enroll nearly half of all undergraduates in the U.S.—just
over 13 million students” (The Best Schools Article).
Statement of the Problem
In Mississippi, there are fifteen institutes that are classified as public community
and junior colleges (MCCB Annual Report, 2018). These institutes offer a wide range of
programs, including but not limited to academic programs that parallel nationwide
university programs, career and vocational programs, technical and adult basic education,
continuing adult education, and job training and industry partnerships. Across both twoand four-year institutes, Allen and Seaman (2017) estimate that more than 6 million
students were enrolled in at least one course in an online format during the year 2015.
This was an increase of 4% from the previous school year.
Beginning in the early 1990’s, Mississippi recognized a need for statewide
interactive courses and established the Community College Network (CCN), which was
considered one of the first methods of delivering distance learning education in the nation
(MCCB Annual Report, 2018). In the creation of the CCN, Mississippi set itself apart as
a leader for utilization of technology to enhance learning for their students. Following
along in this same path, Mississippi went on to establish the Mississippi Virtual
Community College system to continue serving students through distance learning and
utilization of online technology systems. In Mississippi, an estimated 166,005 were
enrolled in based higher education institutes (National Student Clearinghouse Research
4

Center, 2017) that offer both academic and technical career programs in online formats
during the 2017/2018 academic year. Out of that group, 70,024 students in the state of
Mississippi were enrolled in at least one online course through the Mississippi Virtual
Community College (MCCB Annual Report, 2018). According to the MCCB Annual
Report (2018) the Mississippi Virtual Community College currently offers 104 online
biology courses, with 43 of those courses being introductory or majors biology-based
courses that are lab based or lecture and lab combinations. Since such a large number of
college level students are taking advantage of the online biology course offerings, it is
clear that there is truly a need to serve these students with alternatives to the traditional
on-ground laboratory courses.
Research Questions and Hypotheses
Constructed upon the literature review and previously stated research problem,
the researcher developed three questions for the purpose of this study. The researcher
intends to collect data and conduct analysis to address the following research question
and hypotheses:
Research Question: The purpose of this study is to identify if there are
determinable differences in the retention rates of students in online versus on-ground
biology laboratory classes in Mississippi community colleges. The overarching research
question that will be answered with the following research hypotheses concerns the
retention rates of biology laboratory students with regards to their enrollment in online or
on-ground labs, their enrollment in major or non-major biology labs, and the final grades
of students in comparable biology laboratory courses.
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Research Hypothesis One: It is hypothesized that there would be significant
relationships between retention rates of biology students in online versus on-ground
laboratory courses in community colleges in the state of Mississippi.
Research Hypothesis Two: It is hypothesized that there would be significant
relationships between retention rates of majors and non-majors biology laboratory
students in community colleges in the state of Mississippi.
Research Hypothesis Three: It is hypothesized that there would be significant
relationships between the grades of students enrolled in majors and non-majors biology
laboratory courses offered online and on-ground in courses taught by the researcher.
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CHAPTER II - REVIEW OF RELATED LITERATURE
Introduction
In review of related literature, there have been numerous studies that have circled
the topic of community college online and on-ground course comparisons, but none that
have directly addressed the specifics of retention rates and biology laboratory courses.
The discussion that follows will review some associated topics.
Yoany Beldarrain, in 2007, published an article that focused on the shift of
pedagogical perspectives in regards to student learner-centered settings. The article
reviewed the implementation of emerging technology in fostering better student
interactions in online classroom settings. The findings indicated that as technology
continues to be instituted in today’s workplace, the student who will eventually be
employed in those workplaces needs to be able to adapt and integrate. Through
implementation of technology in student learning environments and educational
opportunities it can enable the student to ready themselves for future employment.
An essay written in response to a Department of Education Meta-Analysis on the
effectiveness of fully online college courses, summarizes that even though online
education is a rapidly burgeoning field, there have been limited rigorous studies done in
this area. Jaggars and Bailey in 2010 in conjunction with the Community College
Research Center, specifically review seven studies within this meta-analysis, and find
that although the Department of Education states that its findings were consistent with
superiority of online courses in higher educational settings, they believe the analysis does
not take into account the higher withdrawal rates in online courses in regards to equal
learning outcomes of students enrollment and completion of the courses. They go on to
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express that as the Department of Education demonstrates the effectiveness of online
coursework, and the clear convenience offered through online availability of classes,
however, they do not seem to address the sustainability and progression of a student’s
academic advancement. The authors postulate that although access and convenience
maybe priority, the undercutting of academic success rates and school completion may be
at stake for students enrolled in these courses.
In an examination of cognition and self-efficacy, Monica DeTure (2004), found
that although technology allowed for independence in learning, there was no true way to
determine if success in online courses could be predicted through cognition and selfefficacy scores. This study leans towards the notion that students who are more field
independent and able to self-direct their own learning will be successful whether they are
in an online or traditional course.
There is also evidence that the success rate in an online course can be directly
related to subject matter. Smart and Cappel (2006) explored perceptions of online
learning in students taking required versus elective courses. They found that there was
indication that student perception for elective online courses was significantly better than
for required courses. This could be a significant influence in regards to online biology
courses in comparison of whether the student is a science major or non-major. The
outcome from this study also suggests that traditional on-ground instructors should be
selective in how they present and assimilate online material in their courses. Online units
presented to traditional on-ground classes can influence a student’s attitude towards
overall course content. This study further confirms that academia has not yet identified
the best means for promoting success in online courses.
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While investigating online versus traditional on-ground student characteristics,
Quinn and Stein (2013), found significant differences in student demographics, including
age and gender. The authors of this study also found that participants adopted a mixture
of both deep and superficial approaches to learning and the learning outcomes were less
than desired. This coupled with Genevieve Johnson’s (2015) report that student
background features, like cultural or linguistic characteristics, can influence selection of
traditional on-campus versus fully online courses seems to indicate that there is a
significant difference in online versus on-ground student attitudes that could influence
overall retention rates.
Thomas Reeves (2000) specifically looks at online learning assessment in the
article “Alternative Assessment Approaches for Online Learning Environments in Higher
Education”. In this article he outlines three approaches to incorporating alternative online
assessment approaches that could help address concerns about knowledge and retention
rates. He outlines a cognitive, performance, and portfolio assessment approach that could
help improve and level the differences between traditional on-ground and online course
content.
While all of the above articles, reviews, and analyses examine online learning and
struggles associated with this format, there are fewer articles that pertain to online
biology learning, specifically when referencing online biology laboratory content. In one
such study that is closely related, Riffell and Sibley (2005) review a hybrid based
undergraduate biology course. The authors of this study presented an environmental
biology course content in a hybrid format that included online assignments and weekly
face-to-face meetings that focused on active learning protocols. Throughout this course,
9

the same material, assignments, and active learning protocols were offered to a traditional
on-ground environmental biology course students with passive lectures to cover material
that was offered online in the hybrid course. The results from this exercise were
documented with a post-course assessment. The post-course assessment results from the
hybrid environmental biology students were better or equal to the traditional on-ground
course students. Given the scores of the post-course assessment, on average, Riffell and
Sibley found that the students in the hybrid course would have scored an average of one
letter grade (or roughly 10% more points) higher than their counterparts in the traditional
on-ground course. The authors also found that students participating who were classified
as upperclassmen fared better than their freshmen cohorts, which indicates that there
could be benefits for offering hybrid science course options to satisfy science
requirements for degree requirements to upperclassmen.
In a study that reviewed course design and learning in online settings, Biel and
Brame (2016), looked at multiple online versus traditional or face-to-face biology course
analyses. Initial review of available research provided evidence that there was an overall
lack of literature related to student performance in biology courses and student
performance in online and traditional face-to-face courses. However, the authors were
able to find thirteen studies that did provide some background information surrounding
this topic. In review of these thirteen studies, the authors looked for content that included
both biology course offerings in community college settings and in other institutions.
There were five studies that focused specifically on biology courses offered at a
community college level. From all of this research, the authors were able to conclude that
nine offered no evidence of significant difference in student performance between online
10

and face-to-face biology courses. Of the remaining four studies, two showed a significant
increase in student grades in traditional face-to-face biology courses versus the fully
online counterpart. The other two studies found that the opposite was true online biology
students outperformed their traditional face-to-face counterparts. The authors of this
study found it pertinent to mention that from these studies there were many that made no
mention of course design and that since there was a significance found in two studies
there should be further investigation into the course design elements that influence
student learning in online versus face-to-face biology courses.
Another study from Son, Narguizian, Beltz, and Deshrnais (2016), made a
comparison between not only hybrid and traditional biology labs, but also added in the
comparison of an entirely online virtual laboratory. In this comparison study, the authors
found that through an examination of learning attitudes, costs, and overall knowledge
retention there was a significant difference in these three different biology laboratory
formats. This examination was observed through the implementation of general
education biology laboratory content in an entirely web based virtual lab where the
students never met with an instructor face-to-face, a virtual lab that included access to a
“in-person help center”, and a hybrid flipped course where the students alternated week
to week meeting in person one week with an online activity and assessment the next
week. All three of these models were compared with traditional face-to-face general
biology laboratory content offered on-ground. Traditional, hybrid, and fully virtual
laboratories in this study were offered alongside traditional face-to-face lecture that
guided the laboratory content. From this study, evidence was gathered that students from
the hybrid flipped model (meeting face-to-face one week and online the next week),
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showed significantly better grades and retention of knowledge than the other formats of
the general biology laboratories offered at the same time. Along with better grades and
knowledge retention, the researchers also found that there was a favorable shift in general
biology attitudes amongst the students that participated in the hybrid flipped option of the
laboratory course than in other sections of the laboratory. Other than student attitudes,
retention, and grade improvement, evidence of personnel costs were also calculated.
Upon calculation of costs, both of the online courses, fully online and flipped hybrid,
showed significant cost benefits. The fully online general biology laboratory cost 29% of
the traditional face-to-face and the virtual flipped hybrid laboratory cost 63% of the
traditional laboratory. These lowered costs meant that more opportunities for these
courses to be offered were afforded. Overall, this enquiry provided evidence that it is
obviously important to further examine and offer well designed science courses to benefit
not only the students but also the offering institutions.
In order to investigate retention rates of biology students it is helpful to try and
understand student perceptions in relation to the effectiveness of online or virtual
laboratories. Stuckey-Mickell and Stuckey-Danner (2007) provided evidence through one
such study. In this study, the authors implemented an online survey that allowed students
to voice their opinions and perceptions in comparison of virtual and traditional face-toface biology laboratories. The virtual labs in study were CD-ROM based, but easily
comparable and transferable to the online labs that may be implemented in a web-based
biology course. From this study, the researchers found that there was an indication that
students perceived the face-to-face laboratories as more effective and engaging, with a
total of 87% of participating students finding the face-to-face format content enhancing.
12

However, numerous students (60.8%) also found the virtual laboratories to be effective
and useful in content conveyance as well. From student feedback, the authors conclude
that many of the virtual lab participants desired collaborative assignments or “real-world
hands-on experiences” they felt they were missing out on by not being in the traditional
face-to-face laboratory. The authors further cite McConnell (2001) as indicating “the
development of psychomotor skills necessary to manipulate laboratory equipment may
not be as important as developing higher-ordered thinking, so one may conclude that
virtual labs may be a better fit in a course designed for non-biology majors”. The results
from this research further imply that retention rates in online versus on-ground classes
could be directly related to course content and participation.
As previously stated, with the growth of online science course offerings the need
to relate laboratories to real world or hands-on experiences becomes crucial to the
effectiveness of student learning. Mawn, Carrico, Charuk, Stote, and Lawrence (2011)
performed an analysis of how to implement engaging scientific experiments for online
students to enhance their understanding of important science concepts. Through this
analysis they suggest that in comparison to traditional on-ground laboratories with time
and space restrictions, online students who had sufficient direction could find
appreciation of basic science concepts through “kitchen chemistry experiments”. These
simple experiments performed at the online students home enhanced the student’s
appreciation of basic chemistry concepts and reinforced the lessons learned in the online
lab. This research found that it is conceivable to integrate laboratory-based activities
typically found in face-to-face courses and implement them in online biology courses.
With this information and research, it could be possible to influence online student
13

retention rates in biology courses by enhancing their engagement and activities in
traditional laboratory hands-on experiences from home.
Rationale for the Study
As indicated from the previous literature review, the topic of online learning and
traditional face-to-face learning is one in need of scrutiny. There is still much debate,
conflicting information, and important discussion that needs to be addressed. There are
obviously numerous articles and research that discuss online versus traditional on-ground
course offerings, retention rates, and virtual biology courses, but there is none found that
directly address the topic of this study. Retention rates in online and traditional on-ground
biology courses in community college settings is an important topic that could provide
information that would effectively influence course offerings and enhance student
engagement across multiple disciplines. Therefore, the purpose of this study was to
attempt to identify if retention rates of biology laboratory students in Mississippi
community colleges were related to delivery method of the course content and whether
the course was majors or non-majors. This study also sought to determine if there was a
determinable relationship between these students’ final grades and delivery method of the
biology laboratory content and majors versus non-majors classification.
Summary
Online course offerings are becoming more and more common in education,
especially in the community college setting where many students are non-traditional. It is
imperative that these online courses maintain educational integrity and keep students
engaged and learning. Retention rates continue to be an important determinant for online
courses and information concerning biology laboratories offered online is lacking.
14

Therefore, this study seeks to determine if there is a significant relationship between
retention rates and biology laboratories delivery methods. The following chapter will
discuss the methodology, participating community colleges, and instruments used to
collect information for this research study.

15

CHAPTER III - METHODOLOGY
Introduction
The purpose of this study was to examine the differences between student
retention rates between traditional on-ground and online biology laboratory courses in the
community college setting, specifically in regards to Mississippi based community
colleges. In this study, this question is provided with its own individual hypotheses to aid
in the collection of data. This chapter introduces the methodology and collection of data
for the study, coupled with research information about the institutes and participants.
Research Questions
This study collected data and conduct analysis to address the following research
question and hypothesis:
Research Question: The purpose of this study was to identify if there are
determinable differences in the retention rates of students in online versus on-ground
biology laboratory classes in Mississippi community colleges. The overarching research
question that will be answered with the following research hypotheses concerns the
retention rates of biology laboratory students with regards to their enrollment in online or
on-ground labs, their enrollment in major or non-major biology labs, and the final grades
of students in comparable biology laboratory courses.
Research Hypothesis One: It is hypothesized that there are significant differences
between retention rates of biology students in online versus on-ground laboratory courses
in community colleges in the state of Mississippi.
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Research Hypothesis Two: It is hypothesized that there would be significant
differences between retention rates of majors and non-majors biology laboratory students
in community colleges in the state of Mississippi.
Research Hypothesis Three: It is hypothesized that there would be significant
differences between the grades of students enrolled in majors and non-majors biology
laboratory courses offered online and on-ground in courses taught by the researcher.
Research Design
This study utilized a quantitative analysis to examine and address the previously
stated research question. In order to conduct this study, the Mississippi Community
College Board and the Mississippi Virtual Community College were consulted in order to
gather the necessary data for overall biology course offerings within the community
college setting in Mississippi. Totals for both online and on-ground course offerings were
obtained for analysis. These data were then used in comparison with individual data
gathered from each of the fifteen Mississippi community colleges. Attempts were made
to contact and collect data from each Mississippi community college through emailed
surveys to the e-Learning or online course directors and student record administrators.
Specifically requested from each college online director and records administrator was
data concerning student enrollment rates for both online and on-ground biology
laboratories and retention rates for each of these courses at the end of the semester. Eight
of the fifteen community colleges participated in the data collection and student retention
rate records were obtained for analysis. Once gathered, this information was
quantitatively analyzed in order to examine if there is indeed a significant difference
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between retention rates in online versus on-ground biology laboratory courses in
Mississippi community colleges.
A correlation study was conducted in order to properly analyze the data and to
possibly detect any significance between the retention rates of online versus traditional
on-ground biology laboratory students. Since there was no personal data collected from
the student records, only overall retention rate records for the online and on-ground labs,
it was not necessary to implement individual consent from each student. However,
permission and consent were sought from each Mississippi community college student
affairs liaison. With the data collected from the eight participating community colleges a
factorial ANCOVA was performed in order to account for variability between the
different semester’s worth of data. The factorial ANCOVA specifically looked at the
retention rate as the dependent variable while the delivery method (online vs. on-ground)
and major (non-majors versus majors biology laboratories) as the fixed factors.
Along with the eight individual community college’s statistics, data were also
collected in the form of overall grades from both online and ground biology laboratory
courses taught by the author of this study. The grades were collected between majors and
non-majors students enrolled in biological laboratories offered by a specific community
college in Mississippi in laboratories offered online and on-ground. These grades were
also reviewed and analyzed using a factorial ANCOVA to determine if there was any
relationship between delivery method and overall course grade.
Lastly, the final research data collected for analysis was completed through
student participation in the Distance Education Learning Environments Survey (DELES).
This survey was utilized to help better understand online students’ attitudes towards
18

enrollment in online biology laboratories taught by the author. The DELES was created
for utilization in higher education courses, in order to measure students’ perceptions of
online courses. The DELES is comprised of 34 questions broken down into six
categories. These six categories include: instructor support, student interaction and
collaboration, personal relevance, authentic learning, active learning, and student
autonomy (Walker & Fraser, 2005). After the initial development of this instrument,
Walker and Fraser confirmed the validity of the test with an analysis that included 680
students involved in distance/online learning situations. This analysis provided the
determination that each of the 34 items in the six categories did indeed actually measure
what it was set forth to measure. The 34 question items on the DELES can be seen in
Table 1. In the DELES instrument, the answer choices consist of (a) Never, (b) Seldom,
(c) Sometimes, (d) Often, and (e) Always. The responses for each of the 34 items were
calculated using percentages. The participants in the DELES questionnaire were recruited
through the online learning platform, Canvas, utilized throughout the MSVCC. Students
enrolled in the author’s online biology laboratory courses taught by the author during the
fall 2019 semester were sent requests to complete the survey in their Canvas inboxes and
attitudes towards online learning were measured by calculating the percentages of
responses.
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Table 1
Distance Education Learning Environment Survey Sample Items
DELES Sample Items
Instructor Support
1. In this class, if I have an inquiry, the instructor finds time to respond.
2. In this class, the instructor provides me with positive and negative feedback
on my work.
Student Interaction and Collaboration
3. In this class, I work with others.
4. In this class, group work is a part of my activities.
Personal Relevance
5. In this class, I link class work to my life outside of the college.
6. In this class, I learn things about the world outside of my college.
Authentic Learning
7. In this class, I use real facts in class activities.
8. In this class, I work on assignments that deal with real-world information.
Active Learning
9. In this class, I seek my own answers.
10. In this class, I solve my own answers.
Student Autonomy
11. In this class, I make decisions about my learning.
12. In this class, I approach learning in my own way.

Summary
As previously stated, the purpose of this study was to examine any differences
that may be present between the retention rates of students enrolled in online versus onground biology laboratory courses within the Mississippi community college system.
This study utilized data collected from eight of the fifteen community colleges in
Mississippi to review retention rates in online and on-ground biology laboratories with
regards as to whether the course was a major or non-major biology laboratory. This study
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also examined the difference between biology laboratory students’ overall achieved
grades and course delivery method. Individual student’s grades were obtained from
biology courses, both online and on-ground, taught by the author of this study and
compared to delivery method of the biology laboratory course. Finally, the Distance
Education Learning Environments Survey (DELES) was utilized to determine if the
majors and non-majors biology laboratory students’ perceived attitudes towards learning
were effected by transactional distance associated with online courses.
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CHAPTER IV - ANALYSIS OF DATA
The purpose of this study was to determine if there was a difference between the
delivery method of biological laboratory courses and the retention rate of the students
enrolled in these courses. Whether there was a difference between major and non-majors
biology students and their retention rates in these courses was also examined as well.
Students’ overall grades and delivery method of the course were also analyzed. The
DELES instrument was utilized to try and explain students’ perceptions to biology
laboratory content offered online.
Findings
Data for the initial analysis of retention rates in online versus was collected from
eight of the fifteen community colleges in Mississippi. The eight participating community
colleges sent data for a total of 697 biology laboratory courses collected from the years
2016-2019. Of these 697 courses, the following courses were represented: majors
biology laboratory courses offered on-ground 178, majors biology laboratory courses
offered online 101, non-majors biology laboratory courses offered on-ground 292, and
non-majors biology laboratory courses offered online 126. A breakdown of the course
offerings from the 8 participating community colleges can be found in table 2 below.
Table 2 provides insight into how many of each type of biology laboratory course and the
delivery method of the biology laboratories that were offered in these eight community
colleges during the 2016-2019 spring and fall semesters.
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Table 2
Breakdown of Community College Biology Laboratory Offerings between 2016-2019
On-ground
Majors
Biology Labs
College A
College B
College C
College D
College E
College F
College G
College H
Totals

21
36
12
39
15
17
18
20
178

On-ground
Non-Majors
Biology
Labs
25
7
14
102
84
16
19
25
292

Online Majors
Biology Labs

Online NonMajors
Biology Labs

14
21
14
10
9
18
2
13
101

17
2
14
49
19
16
7
2
126

After organization of the data from each college a factorial ANCOVA was
performed using the SPSS. To account for differences between the cohorts the year was
used as a covariate in the factorial ANCOVA. The descriptive statistics for the analysis of
retention rates of the different delivery methods and majors versus non-majors students
can be found below.
Table 3
Descriptive Statistics for Retention Rates in Online Versus On-ground Majors and Non
Majors Biology Laboratory Students
Major
Delivery Method
Mean
Standard
N
Deviation
Majors Biology
On-ground
77.7
8.4
31
Courses
Online
57.0
12.6
29
Total
67.7
14.8
60
Non-Majors
On-ground
84.1
4.8
27
Biology Courses
Online
62.4
7.2
24
Total
73.9
12.5
51
On-ground
80.7
7.6
58
Total
Online
59.4
10.7
53
Total
70.5
14.1
111
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From the information provided in Table 3, it is possible to see that there is a
significant difference between the delivery methods and the retention rates of the classes.
There is a significant difference in retention rates between delivery methods, F(1, 104) =
162, p < .001, np2 = .609. The total retention rates comparing the on-ground and online
delivery methods, provide evidence that there is a significant difference between the two
methods. The on-ground delivered courses have a total retention rate mean of 80.7%
while the online delivered courses have a total retention rate of 59.4%. This supports the
hypothesis that there are determinable differences in the retention rates of students in
online versus on-ground biology laboratory classes in Mississippi community colleges.
The mean retention rates for the on-ground delivered courses were both higher
than the online courses. The non-majors biology laboratory course taught on-ground had
the highest retention rate at 84.1% while the majors biology laboratory course taught onground had a retention rate of 77.7%. These findings support the hypothesis that there
would be a be a significant difference between retention rates of biology students in
online versus on-ground laboratory courses in community colleges in the state of
Mississippi.
The tests of between subjects effects provided evidence that were indeed
differences in the retention rates of students between the delivery methods of the course
content (F(1, 104) = 162, p = .000) and majors versus non-majors (F(1, 104) = 12.7, p =
.001). However, it also provided evidence that when testing for an interaction between
these two factors that there were no significant differences in regards to retention rates
between delivery methods and major versus non-major (F(1, 104) = 8.1, p = .744).
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Levene’s Test for retention rates were also calculated and analyzed and gave
unequal variances, F(3, 107) = 7.287, p < .001. This indicates that homogeneity of
variances cannot be assumed.
It is hypothesized that there would be a significant difference between the grades
of students enrolled in majors and non-majors biology laboratory courses offered online
and on-ground in courses taught by the researcher. The researcher collected final grade
data from the fall 2017 through fall 2019 semesters. From these semesters a total of 580
student records were collected with the following breakdown of students occurring: in
online non-majors biology laboratories 260 student records were obtained, in online
majors biology laboratories 184 student records were obtained, in on-ground non-majors
biology laboratories 81 records were obtained, and from on-ground majors biology
laboratories 55 records were obtained. Figure 1 offers insight into the overview of grade
comparisons between majors and non-majors biology laboratories taught by the author in
both the online and on-ground setting. The graph in Figure 1 elucidates a difference
between both the delivery method of the biology laboratory course and the average grade
received with both majors biology (BIOmajor) and non-majors (Non_BIOmajor) biology
students performing better in courses delivered on-ground.
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Figure 1. Comparison of majors and non-majors biology laboratory student overall
grades in regard to course content delivery method.

A crosstabulation analysis was also performed with the final grade data for the on-ground
and online courses taught by the researcher. This information can be found in Table 4.
Table 4 highlights the percentages of grades within each delivery method for the biology
laboratory courses. This data provides evidence in support of the difference between
grades and delivery method as stated in research hypothesis number three.
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Table 4
Crosstabulation of delivery method and final grade percentages for biology laboratories
taught by the researcher.

Grade

A

B

C

D

F

Total

Delivery Method
On-ground
Online
47
128
34.6%
28.8%

Count
Percent within
Delivery Method
Count
Percent within
Delivery Method
Count
Percent within
Delivery Method
Count
Percent within
Delivery Method
Count
Percent within
Delivery Method
Count
Percent within
Delivery Method

Total
175
30.2%

52
38.2%

127
28.6%

179
30.9%

17
12.5%

92
20.7%

109
18.8%

12
8.8%

46
10.4%

58
10.0%

8
5.9%

51
11.5%

59
10.2%

136
100.0%

444
100.0%

580
100.0%

A chi-square test was also performed to determine if there was a relationship between
grades, delivery method and majors versus non-majors. The chi-square test provided the
result of: χ2 (4, N = 580) = .022, p < .05. This result provides further evidence and
supports research hypothesis number three, that for these courses, with similar content
and the same instructor, that the students grade is largely dependent upon the delivery
method of the biology laboratory.
The DELES instrument was sent to all online course students representing both
majors and non-majors biology laboratories taught by the author through the Mississippi
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Virtual Community College online learning platform, Canvas, during the fall 2019
semester. A total of 74 students received the invitation to participate in the survey with 45
students participating. Of the 45 student participants, 24 of the student responses came
from students enrolled in the majors online biology laboratory, while the remaining 21
student responses were enrolled in the non-majors online biology laboratory. The DELES
instrument was given to students in online courses in order to determine insight as to why
these differences may be found in retention rates between majors and non-majors biology
laboratory courses.
Table 5 provides the responses to a sample of the DELES instrument 34
questions. Responses to the first question group in the DELES instrument provides data
that the majority of participants indicated they had adequate instructor support in
throughout the duration of the online biology laboratory course, with the majority of
students answering often and always for each of the questions. The second question
group concerned student interaction and collaboration. The responses to these questions
provide insight that the majority of students never having any interaction or collaboration
with other students, this is common in many online courses since the students and their
subsequent work are isolated. Question group number three looked at the personal
relevance each student felt in the course. The responses in this question group point out
that the online biology laboratory students do feel that they often/always related personal
relevance to the course content. Authentic learning was the topic of the fourth question
group and again, the majority of the students did respond to these questions as relating to
themselves as often and always feeling like authentic learning was taking place in the
course. As expected with online courses, the active learning group of question (group 5)
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found many students agreeing with the questions that active learning was taking place
within the course. The final group of questions concerned student autonomy. In this
group of questions, the majority of the students did find that they agreed with the
autonomy of the course and their learning. Overall, from the responses to the DELES
instrument it was found that student perceptions towards online biology laboratory
classes were positive with regard to instructor support, personal relevance, authentic
learning, active learning and student autonomy, with the majority of participants
answering with often/always. The second group of questions concerning student
interaction and collaboration was the only set of questions that students answered with
mostly never responses.

Table 5
DELES Instrument sample responses

DELES Category/Sample Question
Instructor support
In this class ...
1. If I have an inquiry, the instructor finds time to respond.
8. The instructor provides me with positive and negative feedback
on my work.
Student interaction and collaboration
In this class ...
14. Group work is a part of my activities.
9. I work with others.
Personal relevance
In this class ...
20. I learn things about the world outside of university.
19. I link class work to my life outside of university.
Authentic learning
In this class ...
23. I use real facts in class activities.
24. I work on assignments that deal with real-world information.
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Average
Response
Section average
4.77
4.80
4.71
Section average
2.57
2.78
2.73
Section average
3.41
4.16
3.69
Section average
4.21
4.44
4.33

Table 5 (continued).
Active learning
In this class ...
29. I solve my own problems.
28. I seek my own answers.
Student autonomy
In this class ...
30. I make decisions about my learning.
34. I approach learning in my own way.

Section average
4.12
4.22
4.02
Section average
4.37
4.31
4.20

Summary
This study contained three research questions whose goal was to determine if
there was (1) a difference between retention rates and biology laboratory course delivery
methods, (2) understanding the potential difference between majors versus non-majors
biology students and retention rates, and (3) determining if the final grade for the student
was influenced by the biology laboratory delivery method. Research questions one and
two were analyzed using ANCOVA statistical methods and the findings support the first
research questions hypothesis that there would be a be a significant difference between
retention rates of biology students in online versus on-ground laboratory courses in
community colleges in the state of Mississippi. The second question and subsequent
analysis provides evidence that when testing for an interaction between majors and nonmajors biology and retention rates that there was no statistically significant differences.
Research question three was analyzed by performing percentage calculations and a Chisquare test with regards to final course grades and biology laboratory delivery method.
The correlations between online and on-ground biology laboratory course students’
grades find that the difference between these two factors were significant and that the
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students’ final grade is dependent upon the delivery method of the laboratory content.
Overall, the findings from this study concerning online and on-ground biology laboratory
courses and their retention rates, along with majors versus non-majors biology students
retention rates, and the final grades achieved by the students enrolled in on-ground and
online biology courses have implications that could be broadly applied to other science
courses.
The following section will discuss the implications, findings, and conclusions
regarding the research of retention rates of biology laboratory courses alongside the
delivery method and majors versus non-majors course content. There will also be
discussion and consideration given to findings surrounding the final grades of students in
online and on-ground sections of biology laboratories taught by the author of the study.
Lastly, the Distance Education Learning Environments Survey and the transactional
distance it measures for online students will also be discussed in the next section.
Suggestions for future research to possibly expand upon this research will be offered in
the following discussion portion of the study.
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CHAPTER V - DISCUSSION
The following portion of the research consists of a summary of this study and
ensuing results found after data collection and analysis. Conclusions drawn from these
analyses and results are discussed. Limitations will also be presented in this section in
order to better explain any results that may be affected by said limitations. Finally, this
discussion section will present recommendations for future research in the associated
areas.
Summary of Study
The purpose of this study was to determine if there was a significant relationship
between the delivery method of biological laboratory courses and the retention rate of the
students enrolled in these courses. Whether there was a relationship between major and
non-majors biology students and their retention rates in these courses was also examined.
Students’ overall grades and delivery method of the course content were also analyzed
within this research study. These relationships were analyzed using multiple statistical
analyses. The DELES instrument was utilized to try and explain students’ perceptions to
biology laboratory content offered in the online format.
Description of Research Variables
This study had several different variables that were taken into consideration,
including retention rates, delivery method of biology laboratory course content, majors
and non-majors biology laboratories, and final grades for students in these biology
laboratory courses. In order to collect the necessary data to analyze these variables,
community colleges in Mississippi and their student information liaisons were contacted
to collect biology laboratory student retention rates. Further data was collected in the
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form of final grades across multiple semesters of biology laboratory students, both online
and on-ground, taught by the researcher. Lastly, the DELES instrument was utilized in
order to collect data about online students’ attitudes towards online learning.
The data collection concerning the retention rates of biology laboratory students
was gathered from eight of the fifteen Mississippi community colleges through the
completion of a spreadsheet concerning class delivery methods, total student enrollment,
and withdrawal rates. This information was then evaluated using multiple statistical
analyses. The results of these analyses were then used to determine whether the retention
rate was significant with regards to the biology laboratory course delivery method and
major or non-major course content. The data collected across multiple semesters of
majors and non-majors biology laboratories, offered both online and on-ground, that was
concerned with student final grades was collected and analyzed using similar statistical
analyses.
The Distance Education Learning Environment Survey was comprised of six
categories containing 34 total questions. These six categories were concerned with
instructor support, student interaction and collaboration, personal relevance, authentic
learning, active learning, and student autonomy. The category questions were answered
by the participating students with one of 5 responses: Never, Seldom, Sometimes, Often,
and Always. This survey was sent to participants in online biology laboratory courses
(both majors and non-majors) in order to help understand if students’ perceptions of
transactional distance learning could be an influence on retention rates.
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Analysis of Research Question and Hypotheses
Research Question
Is there a determinable difference in the retention rates of students in online
versus on-ground biology laboratory courses and majors versus non-majors biology
laboratory course content in Mississippi community colleges?
It was hypothesized that there would be a significant relationship between the
retention rates of biology students in online versus on-ground laboratory courses in
community colleges in the state of Mississippi. This hypothesis was supported by the data
analysis of the mean retention rates between the online and on-ground biology laboratory
courses, with the higher retention rate being attributed to the on-ground courses. As
Trigwell et al. (1999) detailed the learning environment could influence the approach to
learning, it is understandable why the on-ground biology laboratory students could
possibly be more engaged and, therefore, more likely to remain in the course. This study
and its findings support the notion that an on-ground biology laboratory course, for
whatever the reason, seems to be more likely to have higher retention rates. The findings
of this study add to the growing body of evidence provided by studies like Mawn et al.
(2011) and others that a hands-on approach to learning, like often found in on-ground
biology laboratories, can become a motivator for student engagement and retention.
It was hypothesized that there would be a significant relationship between
retention rates of majors and non-majors biology laboratory students in Mississippi
community colleges. This hypothesis was supported through higher mean retention rates
for the non-majors biology laboratory course students versus the majors biology
laboratory students. In the Mississippi community college system, in accordance with the
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Mississippi Community College Board curriculum, two science courses (8 credit hours)
are necessary to graduate with an associates degree. For many students who are not
considering furthering their education in a science-based field, they opt to take the nonmajors biology courses. The findings provide evidence that many of these non-majors
biology students are remaining in the courses necessary to obtain the required science
courses hours while the majors biology course participants are more likely to withdraw.
It was hypothesized that there would be a significant relationship between the
grades of students enrolled in majors and non-majors biology laboratory courses offered
online and on-ground in courses taught by the researcher. The statistical analysis and Chisquare test provide evidence that the final grade for students enrolled in biology
laboratory courses taught by the researcher is dependent upon the delivery method.
Further statistical analysis including the crosstabulation and bar graph that both compared
the grades for the two delivery methods provide evidence that there was a significant
relationship between the two variables. This supports research hypothesis number there
that there would be a significant relationship between grades and students enrolled in
majors versus non-majors biology laboratory courses offered online and on-ground taught
by the researcher. These findings lend credence to the evidence that on-ground biology
laboratory students tend to perform better in both majors and non-majors courses since
the content and instruction was the same across online and on-ground courses.
The DELES instrument served as a means to better understand the perceptions of
online biology laboratory students in regards to learning. The participants in this survey
were all active students in the researcher's online biology laboratory courses during the
fall of 2019, with each of them completing the class requirements necessary to receive a
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final grade. The DELES questions provide insight into these students’ attitudes towards
their online biology laboratory content. Of note is the response to the second group of
questions, concerning student interaction and collaboration, responses potentially could
be looked at as indicators of student success in online courses versus on-ground courses.
These questions could hold answers as to why some online biology laboratory students
do not feel as motivated to do well in the course as on-ground students.
Implications of Findings
The outcomes of this research could influence online learning in biology
laboratories by adding to prior research about student retention rates in regards to course
delivery methods. The products of this research are applicable across many science-based
laboratories, not just biology. This study and its results could also indicate that major
versus non-major course content influences student retention rates in biology
laboratories. The findings concerning student grades with regards to delivery methods of
biology laboratory course content could also be applied in further research.
The study’s findings that there was a difference in retention rates in online versus
on-ground biology laboratory students support previous findings. It is important for
instructors of biology laboratories, both online and on-ground, to take this information
into consideration when building their course content and communicating with their
students.
The differences found between majors and non-majors biology students and their
retention rates is also critical in understanding the biology laboratory student. Since
biology is required for graduation in the Mississippi community college associates degree
plan, it is crucial to incorporate this information into student understanding. Advisors and
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instructors at the community college level need to encourage students to take the biology
course that best suits their needs and remind them to remain in class.
It is well known that grades are a measurement of student learning and success in
educational settings. The data provided in this research indicate that grades, and their
dependency upon course delivery method, are even more critical at understanding the
success of biology laboratory students. The analysis provided in this study demonstrates
the criticalness of the delivery method in student success.
The Distance Education Learning Environments Survey (DELES) responses from
online biology laboratory students provides useful insight into the issues and concerns
these students are facing. The online students DELES responses demonstrated that while
they did have student autonomy, active and authentic learning, personal relevance to the
course, and felt supported by the instructor, they did not feel any student interaction and
collaboration occurring within the online course. The lack of interactions and
collaborations with other students could provide understanding into the retention rates
and grades seen in online students. A long-term study could possibly give insight as to
whether these results may be generalizable across multiple academic areas and not only
biology laboratories.
Limitations
The limitations in this study were bound by the participation of the community
colleges in Mississippi. With eight of fifteen participating community colleges, it limited
the amount of data for analysis. Had all fifteen community colleges participated in the
study the results could have presented a more widespread view of community college
biology laboratory student retention rates. The demographics of the student populations
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within these courses could have also affected the results. These demographics were not
examined in relation to the data. The variability of the student population between
semester could also not be accounted for within this study. Additional limitations could
include the course content between the different participating community colleges.
Lastly, while there is a standard curriculum set forth by the Mississippi Community
College Board for all areas of study including science, different textbooks and course
content is dependent upon the biology laboratory instructors. Variations in instructor
characteristics could also be impactful. These differences in course content and
instructors could account for some of the variability in this study.
Recommendations for Further Research
Keeping students engaged in class and learning has always been the goal of
community college instructors. With the ever-changing face of educational classrooms, it
is more important than ever to adjust, accommodate, and retain students. Online learning
has become a burgeoning field for education and science laboratories are no exception.
While traditionally science laboratories have been rooted in providing hands-on
applicable skills, it is apparent that is no longer as practical a delivery method as it once
was. This study and subsequent research demonstrate that while online and on-ground
courses have their differences they are both still critical components of the community
college student education. Perhaps this study can be utilized in future research to help
better accommodate online and on-ground biology laboratory students to insure they
remain in these courses.
The first recommendation is to replicate this study with a larger population
sample, not only within the Mississippi community college system but perhaps a more
38

representative sample of community colleges from across the nation. Furthermore,
research conducted over multiple semesters following student participants in both online
and on-ground courses could be helpful when examining retention rates in these settings.
The second recommendation would be to identify biology-based content between
the online and on-ground courses that could provide insight into the knowledge gained by
the students in their biology laboratory experiences. Perhaps a pretest and posttest that is
the same across the board to examine if the students are truly experiencing similar
content and learning outcomes remain the same.
One final recommendation would be to perhaps include some qualitative analysis
of the participants enrolled in these online and on-ground, majors and non-majors biology
courses. While quantitative analysis provides valuable insight, the qualitative aspects of
the participants may possibly provide another part of the picture left unseen.
The purpose of this research study was to determine if there were significant
relationships between online and on-ground biology laboratory course retention rates,
determine if there were significant relationships between majors and non-majors biology
laboratory retention rates, and determine if the overall final grades for online and onground biology laboratory courses were affected by their delivery method. While online
laboratory courses are becoming more and more common, there is still much to learn
about these courses and their students. Further research on this topic is important because
science laboratories and their content are underrepresented in the research community.
While this study did find significant relationships between online and on-ground
retention rates and majors versus non-majors retention rates in biology laboratory
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courses, further research must continue in order to provide a comprehensive learning
environment for all students, no matter what setting they are participating in.

40

APPENDIX A – MISSISSIPPI ASSOCIATION OF COMMUNITY AND JUNIOR
COLLEGES (MACJC) APPROVAL LETTER

41

42

43

44

45

APPENDIX B – PERMISSION TO CONDUCT RESEARCH AT COPIAH-LINCOLN
COMMUNITY COLLEGE

46

APPENDIX C –IRB APPROVAL LETTER

NOTICE OF INSTITUTIONAL REVIEW BOARD ACTION
The project below has been reviewed by The University of Southern Mississippi
Institutional Review Board in accordance with Federal Drug Administration
regulations (21 CFR 26, 111), Department of Health and Human Services regulations
(45 CFR Part 46), and University Policy to ensure:

•
•
•
•
•
•
•

•

The risks to subjects are minimized and reasonable in relation to the
anticipated benefits.
The selection of subjects is equitable.
Informed consent is adequate and appropriately documented.
Where appropriate, the research plan makes adequate provisions for
monitoring the data collected to ensure the safety of the subjects.
Where appropriate, there are adequate provisions to protect the privacy of
subjects and to maintain the confidentiality of all data.
Appropriate additional safeguards have been included to protect vulnerable
subjects.
Any unanticipated, serious, or continuing problems encountered involving
risks to subjects must be reported immediately. Problems should be reported
to ORI via the Incident template on Cayuse IRB.
The period of approval is twelve months. An application for renewal must be
submitted for projects exceeding twelve months.

PROTOCOL NUMBER: IRB-19-406
PROJECT TITLE: Comparison of Retention Rates between Traditional On-Ground and
Online Biology Laboratory Courses in the Community College Setting
SCHOOL/PROGRAM: Educational Research and Admin, Science and Math Education
RESEARCHER(S): Megan Winborne, Richard Mohn
IRB COMMITTEE ACTION: Approved
CATEGORY: Expedited
PERIOD OF APPROVAL: October 4, 2019

Donald Sacco, Ph.D.
Institutional Review Board Chairperson
47

REFERENCES
Allen, I. E., & Seaman, J. (2017). Digital Learning Compass: Distance Education
Enrollment Report(Rep.).
Bawa, P. (2016). Retention in online courses. SAGE Open,6(1), 215824401562177.
doi:10.1177/2158244015621777
Beldarrain, Y. (2007). Distance education trends: Integrating new technologies to foster
student interaction and collaboration. Distance Education,27(2), 139-153.
doi:10.1080/01587910600789498
Best_Schools. (2017, May 08). The 50 Best Community Colleges in the United States.
Retrieved from https://thebestschools.org/50-community-colleges-united-states/
Biel, R., & Brame, C. J. (2016). Traditional versus online biology courses: Connecting
course design and student learning in an online setting. Journal of Microbiology
& Biology Education,17(3), 417-422. doi:10.1128/jmbe.v17i3.1157
Deture, M. (2004). Cognitive style and self-efficacy: Predicting student success in online
distance education. American Journal of Distance Education,18(1), 21-38.
doi:10.1207/s15389286ajde1801_3
Garman, D. E. (2012). Student success in face-to-face and online sections of biology
courses at a community college in east Tennessee. Electronic Theses and
Dissertations,Paper 1408.doi:http://dc.etsu.edu/etd/1408
Jaggars, S. S., & Bailey, T. (2010). Effectiveness of Fully Online Courses for College
Students: Response to a Department of Education Meta-Analysis(pp. 1-16, Rep.).
New York, NY: Community College Research Center, Columbia University.

48

Johnson, G. M. (2015). On-campus and fully-online university students: Comparing
demographics, digital technology use and learning characteristics. Journal of
University Teaching & Learning Practice,12(1), 4th ser., 1-13. Retrieved from
http://ro.uow.edu.au/jutlp/vol12/iss1/4
Li, C., & Irby, B. (2008). An overview of online education: Attractiveness, benefits,
challenges, concerns and recommendations. College Student Journal,42(2), 449459. Retrieved April 14, 2017.
Mawn, M. V., Carrico, P., Charuk, K., Stote, K. S., & Lawrence, B. (2011). Hands‐on
and online: Scientific explorations through distance learning. Open Learning: The
Journal of Open, Distance and E-Learning,26(2), 135-146.
doi:10.1080/02680513.2011.567464
McConnell, S., & Schoenfeld-Tachner, R. (2001). Transferring your passion for teaching
to the online environment: A five step instructional development model. EJournal of Instructional Science and Technology,4(1). Retrieved from
http://www.usq.edu.au/electpub/e-jist/docs/old/vol4no1/2001docs/mconnell.html
Means, Barbara & Toyama, Yukie & Murphy, Robert & Bakia, Marianne. (2013). The
Effectiveness of Online and Blended Learning: A Meta-Analysis of the Empirical
Literature. Teachers College Record. 115.
Mississippi Community College Board Annual Report 2018(Rep.). (2019).
National Student Clearinghouse Research Center. (2018). Current Term Enrollment –
Fall 2017. Retrieved from https://nscresearchcenter.org/current-term-enrollmentestimates-fall-2017/

49

Synder, Thomas D., de Brey, Cristobal, Dillow, Sally A. (2018). Digest of Education
Statistics. 53.
Quinn, F & Stein, S 2013. Relationships between learning approaches and outcomes of
students studying a first-year biology topic on-campus and by distance. Higher
Education Research & Development, vol. 32, no. 4, pp. 617-631.
Reeves, T. C. (2000). Alternative assessment approaches for online learning
environments in higher education. Journal of Educational Computing Research,23(1),
101-111. doi:10.2190/gymq-78fa-wmtx-j06c
Riffell, S., & Sibley, D. (2005). Using web-based instruction to improve large
undergraduate biology courses: An evaluation of a hybrid course format. Computers
& Education,44(3), 217-235. doi:10.1016/j.compedu.2004.01.005
Smart, K. L., & Cappel, J. J. (2006). Students' perceptions of online learning: A
comparative study. Journal of Information Technology Education,5, 201-219.
Son, J. Y., Narguizian, P., Beltz, D., & Desharnais, R. A. (2016). Comparing physical,
virtual, and hybrid flipped labs for general education biology. Online Learning,20(3),
228-243. doi:10.24059/olj.v20i3.687
Stuckey-Mickell, T. A., & Stuckey-Danner, B. D. (2007). Virtual labs in the online
biology course: Student perceptions of effectiveness and usability. Journal of Online
Learning and Teaching,3(2), 105-111.
Trigwell, K., Prosser, M., & Waterhouse, F. (1999). Relations between teachers’
approaches to teaching and students’ approaches to learning. Higher Education, 37,
57-70.

50

Walker, S.L., & Fraser, B.J. (2005). Development and validation of an instrument for
assessing distance education learning environments in higher education: The distance
education learning environments survey (DELES). Learning Environments Research,
8, 289-308. doi:10.1007/s10984-005-1568-3

51

